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ABSTRACT

The thermal stability of aluminum hydride (Olane 58) has been

significantly improved by aging and water treatment. The effect is

believed to be due to a surface coating of bayerite, A)(OH) 3. These

treated samples demonstrated thermal stabilities of less than one per

cent decomposition in the Taliani Test at 100 C for 8.12 hours or at

604C for 50-75 days.

Studies of the synthesis of Olane 58 by the solid LiAIH4 preparatory

technique or through the addition of free radical inhibitors did not Indicate

the superiority of these modifications in present processes.

Direct crystallization of unsolvated aluminum hydride was demonstrat-

ed from a mixed toluene-ether solution.

Although the data from the Differential Scanning Calorimetry (DSC)

scans both programmed and isothermal provide some insight into the thermal

character of aluminum hydride, no meaningful correlations to T&i&ai Tests

at 600C and 1000C could be made for decomposition as low as one per cont

Conductivity studios of the LiAIH,-AICl reaction under a variety of

conditions indicate the formation of a AlHs' ZL AlH, comple and cdlorolae

species.
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L INTRODUCTION

At the beginning of this program Ali s (Olane 58) could be routinely

prepared in these 1aboratories with a thermal stability of less than one

percent decompoetion at 6(JOC in 20-30 days. This material co-ad be

eynth~aized by the addition of the free radical inhibitinu Z-mercaptobenzo-

thiazole (MBT) and phenothiazine (PDTA) or by tle solid AAH4 eyntholie
technique,

The objective of this p;ora'm was to prepare aluminum hydride of
further improved thermal sta ility which would allow its use over extended
time periods in solid propellant formulation&. The approaceu to his

objective were:

i Achieve thermally stable AUH3 throagh the use of additives and

unique modes of preparation.

* Continue study of the fundamental nature of AIHS decomposition

and phase conversion.

m in i mmnmmm m m m mm m m lmm m- m m l m m i m m mm m l mm m m
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JI. TECHNICAL APPROACH

A. Stabilization Through The Use of Inhibitors

1. Addition During Process

The results of earlier Differential Scanning Calorimetry

studies (1) on Olane decomposition in air or oxygen suggested that the

decomposition proceeded by a free radical route and therefore might be

retarded by the use of conventional free radical inhibitors used in poly-

n'rization processes. A number of thee were screened as potential

candidates. Subsequent testing of Olans stability at 60' in the Tallani

'p ,y ratum indicated that MBT (2.mercaptobenzothiazole), PTA (phenothi-

.izine) and hydroquinone were effective in stabLizing Olane 58 eamples. The

addition of sulfur caused no noticeable change. The aluminum hydrides

which exhibited this improvement consisted of particles ranging in size from

30-70 microns; crude bulk densities were generaLly less than 0. 5 g/cc.

One of the primary objectives of the present program there-

fore was to isolate Large (and more dense) particles of Olane 58 by typical

crystallization techniques and to improve their stability with the reagents

previously tested.

In order to achieve this goal a high dilution process (6:l

toluene:ether) was investigated for the purpose of crystallizing unsolvated

aluminum hydride from solution at elevated temperatures. The experimental

details are given in the Appendix (Method B-2). Photos 1-4 show the initial

prucipitate (mixture of Olanes 60 and 58) and its gradual transformation to

the final granular Olane 58 form at 951C. The corresponding temperature

profile is rep-esented in Figure I . This process was effective in producing

glassy products, consisting mainly of dense crystalline agglomerates; but

occasionally single crystals were detected in the 70-ISO microns range at

higher additive ratios of 0. 35:l100 35 (LAAlH 4 :AIt:LLBHa). In the initial
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stages of this study no inhibitors were included in order to establish

controls. The results of the Talit~i tests on the untreated particles
are summarized in Table I . The lack ;a consistency in the thermal

data indicate the difficulties in attempting to establish a standard thermal

stability for theme particles.

The results of thermal stability tests on samples which
were treated with PTA and MBT are summarized in Table 11. The

concentration levels used were 0. 04 g. and 0. Z g., respectively for 0. 09
moles of aluminum hydride. It was confirmed that the ideal stage for
addition of the inhibitors was during the conversion period at 950. The

initial investigations revealed that addition of the free radical 'nhibitors,
particularly at the synthesis stage and below 906C caused interference
with the desolvation and conversion steps. A comparison of the data in

Table I and II shows no major improvements in stability resulting from
the addition of PTA and MBT. Typical stability curves are shown in

Figure 2. It is possible that the greater specific area of the lose dense
Olane particles, prepared in the previous program (1) made thee inhibitors
more effective in their action,

Further comparisons of the stability of treated and untreated

Olanes are summarized in Table III . In addition evaluations of several
new additives of the &mine type such as diphenylamine and urea were made.

Two complex chelating agents, prepared in the Olin laboratories, with

specificity for aluminum were also screened. A comparison of their stabilU-

ing effect with the untreated samples showed no gross improvements in thermal

stability.
The series of experiments represented by 19160-21 in which

LtAIH# and UIBH4 were present durvig inhibitor addition and 1916D042 (no
LAH, L13H present) were performed to determine the degree of inhibitor
consumption by the excess additives in solution and its subsequent effect on

aluminum hydride stability. The results of this investigation were not
conclusive, however, because of the excellent ettbillties of the control

CONMFIOMq4l 4.-, m
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samples, 1916D-21 (0. 4/., 90 days, 60a) and 1916D.22 (0. 546/.. 90 days.

60"). Analyses of these samples disclosed loss of active hydrogen.

Found: 9. 2/. (1916D-21) and 7. 9-/. (1916D-22).

2. Post-Treitment With Additives

. . Contact Treatment

In this study small quantities of a sample, 0-16 (-325

mesh), were treated with various reagents to determine their effect on

thermal stability. A range of compounds were tested including amines,

imines, alcohols ax weU to several free radical inhibitors. In these

investigations the compound was dissolved in dry ether to give a solution

of approximately I percent by weight. The Olane 58 (1.2 S. ) was stirred

in this soluticn for about one h ur, filtered, and then dried. All operations

were performed under nitrojeu to avoid contamination from moisture. The

Taliani stability data at 1006C are summarized in Table IV . For com-

pariaon of the 1000C and 60"C Taliani Tests see Task C. The better

stabilities most noticeable in the tests which involved aqueous treatments

e. 1. siliclad. The later section concerned with water exposu-e, wil show

that the Improvements can be related to the formation of a buy .rit coating

(Al(OH)Q] on the surface of the Olane 58. Slight improvements also resalted

frot, contact with several free radical ithbitors such as 2, 5.diterti&, ')utyl-

hydroqminone and methoxybonzens.

o, Voposition 'Teoatinent

A series of compounds. primarily ethylenic, acetylenic,

and heterocyclic listed in Table V were screened (or their effectiveness

in top.*oving the thermal stability of Sample G- 16 (-32! mesh). The Dow

Chomical Co. ( 2 ) reported that dipheoylacetylons had improved the thermal

10 -

CONFIDENTIAL
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TABLE IV

POST TREATMENTS OF OLANE 58 (SAMPLE O-16)*

Percit Decomposition
100"C Pours

0-16 1.0 3.5
1. 1. 3-Propanadiamine 1.49 3.5

2. 1 -Butyleneimine 1.10 3.5

3. 2. 5-Ditertiarybutylhydroquinone 1. 02 4. 0

4. p-Tertiarybutylphenol 0. 9 3. 5
5. 2, 6-Diterttarybutylphenol )1.0 3. 5
6. Methoxybenzene 1.03 3.75
7. 6-Tertiarybutyl.m.cresol 0.5 4. 0

8. 1 *Amilno-4-hydroxyanthraquinone 0. 95 4. 0

9. *0-75" CIF160 1.0 3.5
10. 'N-43" C13Fj7N 1.0 3.5
11. Perfluorokerosene C14FX 1.0 3. 5

12. Glycerine (2S wt. ,/,) in H&e 1.05 4. 5
13. Glycerine (25 wt, ', in water) followed by (Sample not tested be.

Silchld (10 vol/ in water) cause of poor results
of tests no. 12 and 14.)

14. Siliclad (10 voL i/) in H&O 1.0 4. 3

IS. SiUclad (10 vol. ) in H&O and water wash 1. 22 6.0

16. Collodion (1.0 wt. '/) in CjH00H 1.1i8 4.0

17. Water Wash and CoUodir. Treatment Dec. of prod.
18. Sodium Auminate in wat.t 0

19. Water treatment (long term) 0

20. 2. 5.Dite.rtilybutylhydroqutuaa. 1.0 3.
21, Diethylamite 1.0 3.0
22. Glycerin* (S. 50 wt. */. H1O) (Discarded sample. Could

not remov'e glycerin.
cmnplet ly)

23. Slclad (S. 0 wt../ H0) 1.0 3.s
24. Toluene Diisocyanate ) 1.0 3. 5
25. Di-orthotolylcarbodtimide 1.0 . is
26, Butyl leocyanate 1.5 4.0

27. Ag from Rochele tilt solutions 1. 0 3. 75
28. Methylene blue water elotion 1.0 6. 5

* No Bayerite detected

CONFIDENTIAL
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TABLE V

POST-TREATMENTS OF OLANE 58

Hydrocarbon
Weight Per Cent Hrs. 100C-1*/. Dec.

Sam~ple 0- 16 3.5
1.) Mothylphonylacetylone 2. 8 3. 5
2.) 1.Phenvl.1-butyne 2.3 3.5
3.) Diphanyhacetylen* 7. 9 4. 5
4.) 5-Docyne 1.9 3.5
5.) 4-Octyme 5.0 4.0
6.) 1-Hexyne 3.9 3.5
7.) Allylbenzene 5. 7 4. 0
8.) 3-Butyne-Z-ol 6. 1 4. 0
9,) Mothylphanylacetylons 9. 9 4.0o

10.) N-Ethylznorpholino 6.1I 3. 5
I11.) 3-Butyn.Z-oI 20. 5 4.0
12.) Allylbenzene 22.,0 4.0
13.) Metthylphenylacetyleas 24.5 3. 5

14Diallybimelawie 2. 7Z 4.5
Is.) Dilylawine 1. 62 4.0
16.) 1, S-P.anediol (98/*) 4.99 4.0
1?.) Hexyleneglycal 1. 88 4. 5
18.) Isoqulnolins 3.10 40

to.) 1 -M sthyleyt! *oxen* 3. 32 3,0
11. rethyiaeetylonedicavbamat. LOS &.0

1 ) lSwtoiidyne 1.99 3.0

13.) 204. DimI. SA- iwasa 3330
%4) Hexamefli .disolaa L. 90 2. 0

CONIDENTIAL
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stability of their aluninum hydride. Our method consisted of slurring

the Oline sample in an ether solution of the various additives, then

evaporating the ether, and thereby depositing a residue of the additive

on tIhe aluminum hydride. Slight improvements in stability were observed

(or several compounds, namely diallylmelamine, hexylene glycol, and

diphenylacetyleue. Although it was recognized that the high concentrations

of additives would contribute to a large excess of carbon, it was of interest,

nevertheless, to determine whether more of the additive (ZO. S - 22. 5 percent)

would cause improved stabilitv. A comparison of allyl bennene at various

concentration levels (5. 7 and 22. 0 percent) indicated that this was not the

case.

c. Miscellaneous Treatments

The retults of several acid-base post-treatments are

illustrated in Table V1 . None of the treatments, however. produced any

greater improvement than that obtained from a smple aqueous wash.

3. Treatments with Water

tuveetigations at the Hercules Powder Cornpaay( 3 ) on

aluminum hydride surcfces has shown that the major differences between

aluminum hydride samples, particularly with respect to thermal stability,

pracemsability, and compatibility may be due to variations in surface

properties. Their findings, based on neutron activation analysis, indicated

oxygen contents of 0, 34 to 2. 9&/, for a number of samples. Additional data

from VPC measurements revealed that wter, either absorbed on the surface

or part ot a hydrated alumina structute, varied ftrom 0. 02 to 0. *6/. The

treatment of aluminum hydride samples with deuterium okide gave evidence

that products with virgin surfaces reacted readily to yield hydroten dauteride,

whereas those which yielded less 14D had surfaces which were contaminated

with oxygen or absorbed water. Their interpretation of these results was

.13.

CON IDENTIAL
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TABLE VT

POST TREATMENTS OF OLANE 58 (SAMPLE O-16)

Percent Decomposition
1006C Hours

o-16 1.0 3.5

1. HZO - HCI* (pH - Z. 0) 1.0 5.5

2. HzO - NaOH** (pH - 10, 0) 1.0 6. 5

3. HIO - HSP0 4 (p1l Z. 0) 1.0 5.0

4. H&O - NH 4OH (pH - 10.0) 1.0 4.5

vs. 140 - HNO$ (pH " 2. 1.0 4.5

6. :t350 4 (conc.) 1.0 3.75

No Dayerita detected.

Bayerite detected oa iuttae of Ol-. 58.

- 14..
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that the more highly oxidized surfaces presented a greater barrier to

penetration by D00 molecules and subsequent reaction with aluminum

hydride.

Powder analysis of aged (I - 2. 5 yr.) Olane 58 samples

in the Olin laboratories disclosed the presence of bayerite (beta alumina

trihydrate) in varying quantities on a number of these. Thermal testing

of "ased" Otane 58 samples also showed that several of these exhibited

improved stability. However, not all "aged" samples of improved

stability c:ontained hayerite. but the evidence was sufficiently strong to

suggest that a material with a surface deactivated by moisture would be

characterized by better thermal stability.

These findings led to a study of surface deactivation by water

and the subsequent effect on thermal stability, Table V1Z and Figure 3

sutmmarltes investigations with Olan 58 samples from various sources.

Three techniques for 'hydrating" the Olan surface were employed, namely,

1) water vapor exposure ina closed system, 2) a 2.3 minute water sluMry

treatment and 3) a 30-min ut steam traitent,

a. Water Vappe

in this treatment the Olane was spread wer the Surface

of a toutse sintowed-glss tunnel which is joined to an Erise.myer flask

partialy filled with wAReM. This system was closed and then held at room

or other desired temperatntee tor several days. The losely bwnd water

was then removed uider vacuuo prior to thermal testing of the sample.

b Slurry

The Start sample in small quantities wa added to water

cooled to 0-5" atid slurried tot 2-3 minutes. After Aittratlon. the sample

was washed sevetal times with ether and then dried on a high vacuum system

CONFIDEN TIAL
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at room temperature.

c. Stearm

Steam was generated in a flask. Then a small sample

of Olane in a carrier constructed of a modified course-sintered glass

funnel was suspended inside the flask and exposed for 30 minutes. A

final vacuum drying procedure was again employed.

All of the above treatronto tend to form beta alumina

trihydrate on Olanes possessing a virgin earface. The treatments with

the exception of the steam exposure improved the thermal stability with

less than S per cent loss in active hydrogen. The latter technique caused

extensive degradation of the aluminum hydride. An analysis oi the residue

indicated only 5. 7'/. active hydrogen. Appreciable bayerite was detected

by X-ray on the residual OMane instead ot the expected alpha lumina mono-

hydrate, boehmite,

The data show that several aged samples with excellent

thermal stability were not improved Ly the water exposure techniques. The

reasons for this aru not obvious, but it is possible that extended heating

at 1000 dehydrates some of the bayerits, and the resulting free water is

then available for reacts on.

Most samples showed a slight loss of active hydrogen

after a water treatment In the case of a partially microcrystalline sample

such as 607258A, loss of active hydrogen was appreciable, especially from

the direct water wash.

4. Sample Aging

The initial evidence that long term storage might improve

thermal stability came from Sample 605689, a product prepared by the

solid LiA94 route. Its original thermal stability was 31 days at 60 before
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exceeding one percent decompositicn. This characterized it as the most

stable sample tested up to that time. After more than a I yr. - residence

at room temperature in a brown sample bottle and under a nitrogen blanket

an improvement, corresponding to 52 days at 60', was observed. Analyses

indicated no loss of active hydrogen. X-ray examination did not show the

presence of bayerite.

The monitoring of various samples brought to light some

further interesting findings. Three samples prepared in our Pilot Plant

and stored at -20"C for over one year exhibited no change in stability, even

though traces of bayerite were detected on a least one sample. Several

"aged" samples prepared from NaAlH4 showed improved stability; one did

not, Samples C-9- 2 and S.l4, both mercury treated products stored at

room temperature were found to be less stable. A summary oft tL data

is shown in Table VIII and illustrated in Figures 4 and 5.

The present evidence indicates that colder temperatures

apparently prevent changes in thermal stability. This suggests that a

number of phenomenon may be occurring either singly or simultaneously

at room temperatures over longer time periods. The more obvious of

these are:
a) Slow conversio of trace quantities of unstable polymorphs

to Olane 58.

b) A slow surface reaction with oxygen or moisture.

c) Further polymerizatious of the Olano 68 fc- i erss linking

elimination of crystal detects, cavities, etc.

A study was itnHt ted to simtlate the effects of long term

storage by "curing" a variety of gamples at 40.45* under conditions other.

wise similar to those for the aged ltnmles, Periodic checks of their

thermal stability and active hydrogen content were made. The results of

this investigation is summarited in Table IX . Under the conditions tested.

no improvements were apparent.

- 19
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B. Stabilization Through the Use of Different Preparatory Techniques

The NaAIH 4-AICl 3 process produced samples in the past of macro-

crystalline Olane 58 which, without the benefit of any subsequent treatment,

exhibited at that time unusually good thermal stabilities. The reasons for

this are not well understood, but there are some obvious differences from

the conventional LiAlH4 -AlCl 3 synthesis route. These are based primarily

on the insolubility of NaAlH 4 in ether. In the NaAIH4 route no prior poly-

merization of the AIH; is possible. Furthermore, the AIH, is synthesized

in the presence of a large excess of AlCl,. The mechanism postulated has
predicted intermediates of HAICl2 , and HZAIC1 which infrared results appear

to confirm.!4)Theme differences prompted the study of some variations in

the preparative technique for Olane 58 based on the LiAlH4.AICl, reaction

system. They were: (a) slow addition of solid LiAlH4 to an AlCls. ether

:olution. and (h) simultaneous addition of reactants involving little or no
excess of either reactant, The products of both variations have shown

significant improvement in thermal stabilty ') Many parameters of Ai1
processes have been shown to affect the thermal stability of Alli..p The

objective of thids task, therefore, was to investigate those parameters
which are applicable to the two preparative techniques. The specific

approaches undertaken are presented,

It is reasonable to awsume that more nearly perfect and purer
crystals of Siena 58 should have an improved stability. However, it is

aoo possible that the impurities and additives in the Olane actually contribute

a stabUzing effect. An additional objective of this task was therefore to
isolate single crystals of Chine 58 and firmly establish the thermal stability

of this product.

In the normal crystallitatione studies investigated in the past,
Olan. 60 is precipitAted and subsequeatly converted to Oliane 8 which is

In the form of agglomerated crystals. Since Oliane 60 is known to be
slightly soluble in ether, the conversion probably involves dissolving
of Mlono 60 and precijltation of Wline 58 as well as solid-solid conversio.

-4,
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During the conversion some single crystals of Olane 58 appear to

form as indicated by microscopic examination. These crystals then

agglomerate. The fact that the formation of Olane 58 can take place

by two different routes is probably not conducive to single crystal

formation. It has been indicated that Olane 58 can be obtained from

very dilute solutions containing Olane 60 as well as from solid Olane
60 in the well known "dry process". It is reasonable to assume that

both of these transformations could take place in a continuous process.

Since it is believed that the solid-solid transformation in the process

must be avoided if the more perfict crystal is to be formed, investi-

gations were made using very dilute solutions of aluminum hydride.

I. Solid Addition

In order to determine the reasons for the improved therrial

stability of aluminum hydride as prepared by the solid LLAlH4 process.

inveatigations were conducted using both the crude LiAIH4 (95+ percent)

and purified UiAH 4 (99 + percent). Typical reaction procedures are

described in the Appendix (Method A). The results of these experiments

are presented in Table X. The products of these reactions were com-

pared on several bases:

(a) phyaical crystal character

(b) crude bulk density and

(c) thermal stability at 1001C

The crude bulk densities ranged from 0.4 g/cc. to 0.7 g/cc. with no

preference shown ioi any preparatory procedure. All products were

crystalline aggerates of similar appearance.

In normal practice, all ether used in washing products is

distilled from LUADI4. This procedure was found to be very important to

CONFIDENTIAL
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TABLE X

COMPARISON OF OLANE S8 FROM DIFFERENT REACTION CONDITIONS

Toluene Excese Final Product Thermal
Expt. Reaction to Additives Crude Bulk Acti-re Stability 100oC
No..o Ether Ratio LA^ LBJ 'Density Hydroge /*DRc Hr.

606631 Pure Z:l 20 to .40 9.4 i. 4.5
Solid

Addition
606633 Solution 3:1 30 18 - 9.4 1 '/. 5.0

solution
606635 Pure 2:1 10 18 - 9.4 I.ZS OI 9.75

Solid
Addition

606639 Crude lI s0 18 .37 9.0 1.10/, 4.75
Solid

Addition
606640 Pure 1:1 to Is .40 - 1.47'1. 36

Addition
606641 Crude 1:0 30 i .54 1. 1 */, 41.75

Soud 1O1C
Addition

40"M3 Cr4d. 1d 1 20 I- - 1.836/. 3.0
Solid

Additio
60644 5olution 34t 10 t .71 9.5 0.6'/. 4.0

Solutlom
6064s Crude 3.1 t3 is .54 9.5 1.046/ 5.75Solid

Addtll.
401448 Crutie 1:1 40 tO .55 9.8 0.959*/ 5.0

Solid
Addtio

40 41 Crude 3i1 38 IB .41 9.4 .358 /. 4. 0
Solid

Additiom
4046 Crufde ll 40 i .44 9.? l.90. .0t

Slidl
60"49P CluMO 30 to letI . 61 4 I 06 */. 0

Addillot
604"1 Crde itt 30 iI .is 4 .1 9. L a(a)

Soelid

AddlUes

40465k Sed~ltee iii 310 li .5* 9.4 1.. 0 1 0. 0 e)l

604454 Crud.etI 3 so to? (L S.9 .. (1

604.41 selutiem ia l0 is 4 15 1.. 44 1.0(41

(A) wamhiud with *tli teittatag 0.45/. HNO,

0k) kis, "Mw wes Wlsedt ette ita"bla 14 9.. Sif 3444%
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the apparent stability of the final product. It can be seen from the results.

that when care is taken to use dry ether (14-100 ppm. H10) in washing

Olane 58, one percent decomposition occurs in 4-5. 5 hours at 100"C.

Howevkr, washing with wet ether improves this stability to the extent
where 8-10 hours becomes the rule. A more complete investigation of

wet ether washing is described in other sections of this report. On the

basis of these results it is possible to conclude that the thermal stability

of the Oiane 58 is independent of the initial reaction synthesis procedure.

2. Direct Crystallizations

a. Dilute Solutions

Investigations of dlbita solutions with the 1:6 ether-

toluene Olane laboratory process have been concerned with the effects of

several parameters on the crystal shape, size and thoral stability of

the final Olane 58.

A series of temperatues from 60 to 854C for crystal-

Using Olan. 58 directly from solution was screened. A number of experi-

ments performed at 604C resulted in final product* which were usually a

mixture of polymorph Oanes 51, 60 and 58. Considerable decomposition

was also observed in several experiments, It is interesting to nte tbAt

invtstigatione at the 60*C teoperature produced unusually large particle#

in several experiments both hexagonally shaped rods and spheres of Olana 60
but conversion of these materials to 01ana 58 resulted to crystal (Lssure.

(See Phots S and 6).

Further investigatons were condu tied at 6P. 0, 7 .

6Oe and 6SC. The better products, essentially grAr Went 58, wore

obtained at 7S'C (S hours) and 806C (Z hours) even though the latter conditlone

appesre4 to produce crystala fairly rapidly. The bulk density of the final

CONFIDENTIAL
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,65 to 0. 82 g/c. c. (See Photos 7 and 8).

indix (Method B).

riment in which the ether content at

tly stopped at -- 80/. ether and then

e initial product containpd large cubes.

a at 750C yielded spherical Olane 57.

Lnd shape of the particles from the

the thermal stability of these products

esult in the past from the addition of
preparatory technique. Table XI

Icerned with direct crystallization of

blutions

6tallize unsolvated Olane directly from

yield of product, experiments were

svel using a 3:1 toluene:ether ratio.

IOlane 60 and or 58 directly out of this

a ether content before raising the

to the crystallization temperature

Lils see Appendix (Method C).

roducts prepared with this procedure

-and 606633. The crude bulk densities

icc. which is comparable to products

ecomposition of 1 percent was observed

the results of these experiments.
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c. Mixed Hydrocarbon Solvents

A crystallization media of benzene, toluene and ether

was investigated to determine the possibility of growing more singular

crystals )y taking advantage of the better solubility of AllI s in benzene-

etber mixtures. In these mixtures, also, a higher temperature could

be ittained for crystallization over that of a benzene-ether mixture. In

the mixed hydrocarbon-ether system it is possible to approach the ideal

condition for a slow precipitation of the unsolvated Olane which appears

as singular crystals. but the final product isolated is an agglomerated

material The results of these experiments are presented in Table XIII.

For experimental details see Appendix (Method D). The thermal stability

of these aggregates was slightly lower than Olane 58 previously isolated

from the toluene ether system. This slight difference can probably be

attributed to the difficulty in washing large aggregates which can encapeulate

LiAlH4 and other fine or lesser thermal stability.

The mixed hydrocarbon technique was also coupled with

another approach for direct crystallization of Olane. Earlier studies had

shown this effect through the use of little or no excess of LAII44 and the

prooece of AI(BH 4)3. A general procedure is deeribed in the Appendix

(Method E). This technique did offer better solubility properties but in the

3:1 hydrocarbon-ether system the final product waa again large aggregates.

It also showed a unique property of growing round cryotali.e aggregates

of olans 58, The thermal stability of the products were significantly lower

than that of product isolated by other methods.

The results of these experisners are presented in

Table XIV.

3, Effect of Wet Ether

Aftetr It was discovered in other experiment. (Table X)

- 33 -
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that water in the wash ether makes a critical difference in the thermal

stability of the final product, experiments were designed in this task

to evaluate the effect of wet ether. Products were prepared through

the various synthesis routes, divided into several portions Pnd washed

with ether of different water concentrations. The thermal 'sability of

these products were compared with standard untreated prod4ucts from

the same reaction. Table XV presents the results of these experiments.

In the crude product (before washing) a mixture of Olane,

LiAlH4 and LiBH 4 are present. Therefore, three types of wash treatments

were employed. Tiese were (1) washing with ultra dr, ether, (Z) washing

with a combinatzon of dry and then wet ether, and (3) washing with wet

ether only. A vigorous reaction was observed in thf third case alng with

the formation of apprecialbe non-separable "flnes,*

On the basis of these studies it is evtdent that the LiAH 4

level is critical. In the presence of water this reagent will probably form

3iOH which may then react further with the virgi, surface of the freshly

formed aluminum hydride. From the results of the forigoing experiments.

however, it is clear that the moisture content of the ether, employed for

washing final aluminum hydride products, is an important factor in improv-

ing the thermal stability.

s/
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4. Conductometric Studies

The objective of this task was to study the syntheses of

,tiuminitn hydride by conductometric techniques and thereby determine the

appearance or removal of ionic species during reaction which may effect

the properties of Olane 58. The experimental details of theee studies are

presented in the Appendix.

Figure 6 is a composite of several experiAents showing the
specific conductance vs. the mole ratio of 1iA1H4 to AIC, The reason for

the variable mole ratio scale is merely to illustrate the typical conductance

changes occuring over the entire mole ratio range as LiAIH and A1CI S

solutions are mixed. Although these resuits were obtakied using ether-toluene

tolutions, the shape of the curve is typical for all solvent systems used in

this itudy.

Evans, Kennedy and Del Greco (5) have conducted similar

investigations concerning the reactions of LiAH 4 and AIC13 in anhydrous

eth r, Their result* indicate that a sharp maximum in the conductivity

occurs at 1 70/. of the equivalent amount of LiAUH4 (LAlHAICI3 X 0, 51)

when LiAlH4 is added to AIC13. Our results for the same process show that

a maximum is attained at a mole ratio of approximately 0. 34 an seen in

Figure 7, Likewise Evans et a. obtained a maximum at -O-500/, of equiva-

lence (lUAlk/AICI, a 15-7) when AICi was added to LIAIH4. The results

from our investigations show a maximimn occura at a ratio of LLAUIAI/A1C1 11. 0.
tf thv assumption is made that the reaction goes to completion after each incre-

meit is added, then it is possible to obtain the mole ratios of AICI/AIHS or

LiAIH./AH 3 depending on which reactant is still in excess. Thus, when AICI,

is in excess after added LiAlH

_A1_____ _._ _ ,A lCl _

Equivalence is calculated according to the reaction AICIs + 3LAA04

-4 4AH3 + 314iCl

- 38 -
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0.1 0.2 0.3 0.4 0.5
20,000 I I I

LAIH4 to AIC13

Ether at 250 C 0 LiAIX 4 , 0.546 m mole/ml

AICI3a 0.260 m mole/ml

* LiAIH4 i 0.406 m mole/mi
AIC 3 i 0,224 mmole/ml

=0

10,000

.1 A--

0 0.1 0.2 0.3 0.4 0.3
UA11 44

AICI3

Figure 7
ADDITION OF LiAIHN4 TO AIC13 IN ETHER -40
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and when LiAlH 4 is in excess

LIA AI>/ - LiAIH4/ - 3)

4

Figure 8 shows the results of the addition of A1CI3

to 4AIH4. The maximum at X.iAU 4/AlM j = 2. 0 corresponds to the :&Uo

of LiAH 4 / AICl3 = 11. 0.

The titrations were also carried out with mixed solvents.

Figure 9 shows the results of the addition of LtAH 4 to AI132 where both

reactants are dissolved in equal volume mixtures of ether-toluene and ether-

bensene. At 250C in other-toluene the maxinum is obtained at a ratio of

LAIW/AICI I a 0. 22. while at Sol it is shifted to approximately 0. 17. The

maximum in ether-benzene at 25'C is near 0. 19. When the reveres titra-

tion was attempted. i. e. . the addition of AICI to LAAIH 4 so that the equiva-

lence point is passed and excess AIC1 3 Is continually added, no maximum

was obtained. This is in agreement with the findings of Evans and co.workers,

Figures 10 and 11 represent the results of the titrations

in ether-toluene and ether-bnsene solutions when LiA1H4  In excess. It

should be noted that the maximum at a ratio of 2. 0 for LIAlH4 /AHs is obtaIn-

ed independent of the mode of mixing the reactants. That Is, it made no

difference whether (1) AICIS was added to LIAIH4 , (2) LUAIH, was added to

AlCIj so that the equivalent point of the reaction was reached and exce#

LiAIHe resulted, or (3) the previous solution was back titrated with AiC11.

The lithium chloride pre4tpitate in all the above titrationa

was allowed to remain in the cell during the measurements. To eaminte

the effects of the lithium chloride, equivalent amounts of UJAH4 and AICi,

were mixed, allowed to stand for approximately ten minutes and then filtered.

The solution was transfered to the cell and AiCl, Was added. The specitic

conductivities were leas, bu~t similar to the experT.menta having the Li(I, .9

-41 -
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precipitate in the cell, no maximum was obtained. Addition of LiAlH4

to filtered equivalent solutions resulted in a conductance maximum at

2. 0 for LiAIH4/AlH 3 as in the previous experimrents, again the conduc-

tivities were less than when LiCl was present. (See Figure 12)

The addition of pure, dry lithium chloride to one of

the reactants before the titration was started had no effect on the shapes

of the conductivity curves, however, the conductivity values were, in

general, higher (5, 6).

An attempt to isolate a complex at the LiAIH4 /AIH 3=2. 0

failed. When LiAlIH4 and AlCls are added in the required proportions and

the solvents are evaporated at approximately Z8-30"C the resulting precipitate

is a mixture of Olane 62 and1 LiA1H 4. Although conclusive resulto have been

obtained, the most probable method to obtain the 2:1 complex io to treat

the solution as if one were trying to obtain desolvated Olane. That is, heat

a ether-toluene or ether-benzene solution of the 2:1 LiAIH 4-AlH 3 mixture

to approximately 85'C, itrip the ether off until the precipitate forms, cool.

and filt. "

Titrations of LIAlH 4 and AlCls ether solutions with

toluene show, as expected, that there is no ionic interaction of th toluene

with either solute.

Figure 13 shows the results of titrations involving

LiA114, and LUBH 4 in pure ether. There apparently is no strong ionic inter-

actions between the two compounds.

In Table XVI are listed data obtained near the maximum

conductance where excess AICI is present. Column I Lits the solvent

system. The temperature at which the titrations were carried out Is given

in column Z. The pairs of values listed in column 3 and 4 bracket the max.

imum conductance value, 1. e., the maximum conductance lies somewhere

between these two Pointe.

It ts very appealing to believe that the conductan.

maximums correspond to whole numbers for the AICIi/AlHs ratio@. This

*.46-
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TABLE XVI

RATIO OF SPECIES IN DIFFERENT SOLVL-NTS

LiAlH4  AIMS3
System Temp, 9C AC13  A'Is

Ether 25" 0. 322 - 0. 365 2. 07 - 1.80

0. 315 -0. 359 2.13 -1.84

Ether-Toluene Z5" 0. 201 - 0. 252 3. 48 - Z. 73

0. 219 - . Z44 3.17 - 2.82

50' 0.151- 0.180 4.7Z- 3.92
0.161 - 0.211 4.41 - 3.30

0.158- 0.188 4..t. 3.74

Ether-Benzene 25b 0, 177 - 0. 201 Z. 99 - 3. 48

0.176- .206 4.01 - 3.40

- 49 -
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would indicate that a certain number of moles of AlC13 interact with each

mole of AlH3, depending on the temperature and solvent system. However,

if this were the case the maximum conductance should be reached independent

of the mode of mixing the LiA1H 4 and AiCd$. This is not the case, because

the maximum is only obtained when LiAlH4 is added to the AlC13 and not vice

versa.

On the other hand, the ratio of 2. 0 for the LiAlHjAIH3

ratio is independent of the way that LiAlH4 and AlC13 are added to each other.

Also the specific conductance value for the maximum was approximately

10 times higher than the original UiA1f 4 solution and several hundred times

the conductance of AlH, (LiA1H4 /AlCl, = 3. 0). This indirate, that there is

interaction between the LiAlH4 and AlH 3 .

S. Solubilitz Studies

In an effort to obtain single crystals of Olane 58 of larger

particlos size, a number rf solvents were Investigated an possible crystall-

izing media for either Cane 58 or Olane 60. The results of these etudies are

summarized in Table XVII. The low temperature experiments in ether were

an attempt to determine it Olane 58 had a reverse solubility, similar to that

of some inorganic compounds. There was not evi.ence, however, that this

was the case. Preliminary results indicate that dimethylformamide solubili:'es

or complexes with Olane 60 at higher temperatuores. X.ray results revealed

that all of the Olane 60 was removed from a., Olaie sample analysing predom-

inantly Olane 60. The exact nature of this complex in solution could not be

determined &rom infrared analysis due to Interference from the carbonyl

group in the Al-H absorption region, even with matched ce".

- 50 -
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C. Testing and Evaluation

As numerous samples of improved Olane 58 became available

under this program the rrere logistics of the studies became significant

to say nothing of the time involvement, equipment failures, and power

shutdowns. As a consequence, Olin sometime ago began investigating

faster means of determining a thermal stability of Olane and attempting

to relate the results to the 600C Taliani Teat.

1. Taliani Studies at 100'C

In earlier studies (1) Olin compared the 60" and 1006C thermal

stability Taliani Test (Table XVIII) using the 601C/73 hr, and 100/4 hr. test

as comparison. Unfortunately as we now look upon this comparison, a

poor choice was made since we are not comparing the same percentage

decomposition in the two cases. As has later been determined by Olin and

others, in the first itage of the "decomposition" thse initial gases consist of,

in many cases, diethyl eother, toluene, and their decomposition products

which are impurities in the Olans 58, As a result, the "decomposition"

measured in the 60"C/72 hre, can be seriously affected by the thorough.

uess of washing and drying of the samples. Because of this problem, Olin

2;in investigated the problem comparing the result in the ohe percent

decomposition area in both 1000 and 606C tests. In goneral, the correlation

was found to be good with respect to time order, This enabled continued

evaluation at the higher temperature for screening pu"oses. Comparisons

are tabulated below and illustrated in Figure 14,

One Percent Olano t3ecovnpoaltion

60'il(daye). .."

6 3.5

14 4.5
10 5, 15

m 24 6. 25

43 7.5
51 9.5

60-70 1Z.5
- 5Z
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TABLE XVIII

COMPARISON OF THERMAL STABILITY AT 60' AND I1OOC

*. DECOMPOSITION

sample 60" for 72 hours 100' for 4 hours
A-D-72 0.20 0.89
C-88-2 0.17 0.19
C-72 0. Z5 1. 35C-73 0.23 0.69
600822 0.18 0.76
600828 0.10 0.46
600825 0.15 1.61
600849 0.12 0. 15
600856 0.75 1.00
600560 0.09 0.26
600873 01 32 0. 69600870 0. 0? 0. 2
600867 0. 12 0, 43

° 53
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As a result initial testing of Olane 58 was performed
at 1000C to first determine any improvements made in the thermal

stability of the material by the research studies. In those cases where
samples of good thermal stability were obtained further teeting at 600C

was also conducted.

2. Differential Scanning Calorimetry

One approach which received attention was the use of
the Differential Scanning Calorimetry (DSC). The versatility of results
have been thoroughly reviewed in previous reports. (1) Initial effotrs to

correlate thermal staoility at 601C Taliani with DSC results at 1500C were

not fruitful.

A re-evaluation of this data from the DSC studies (Differential

Scanning Calorimetry) was made in an effort to uncover signIficant corelations
between the Taliani decomposition test and the lsutherzi*l Jae~u.Lp v *L

150"C. The factors which appear to offer some guide lines were

I, Induction Time

. Average Total Decompoition Rates

3. Decomposition in 10'/, Total Time

4. Average Rate over 10% Total Time

On the basis of these intorpretations, a DSC isothermal scan
at 150" performed on sample No. 605589 synthesized by the solid IAI 4*
process indicated superior itability. However, no firm correlations are
indicated. The results as compared to previous data are provided in Table X|X.

As a result of the lack of correlation a roare %iive study
was widertaken. This Investigation vas divide4 into three reas, n Mely:

a. Normal Programmed Scai

b. Slow Progv.rmmed Scan

t ,totherm lcans at 1504 ind at "C

T.-usaghout the whole inveetij ,an the DSC system w*

Continuously swept with argon.

C-5 A
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a. Normal Programmed Scan

This @can was conducted at a heating rate of ZOC/min.
and at a range of from 8 to 32 depending an the sampleusize. The area
under the curve wasn nrasured with a planimeter and correlated withi the
area obtained upon mrelting:& known weight of pue indium. The heat of
fusion of indium (99. 99'!,, purity) was taken as 6. a caL /gram.- Table XX
details the result. of those dwtermiations.

This *tan was. conducted at a heating rate, of 500C/miG4 0
starting at a temprature of 100'C and tinder high resolution, 1. o, a range
of 4. It was hoped thit both the time of tnduction and the temperature at
which decompoeitton stat,*d :'iuld be accuratW and reproducibly measured.
1n 90M CIA-es one breah in the baseline was oboervod anA i n other cao#s,
two euc& breaks were ooeorved. The results are -$Iven in Table XX

4, 44therwil studis at 15V a&M 160,

The Weighed oanmple was placed id the detoctor bead
eMd programmed undert atomin1 coodltcno (rom 1000C to M-SO'C, At 150*C
the programiiior wag e topped 04d the reedreot-te to run. 'The ra
traced Wat wae vory broad atoung htor 10 to.30 ufcbet c(.ha* papr. -

The ame wader the curift was iztaeOurd W~th a plant~ft
~~ ~~ 51ce the /, 'seht lose NUl withia th horetical llotte.

it Ns tht te tator(t Ul a could a". * doetvUd4lo coaceoaso

the thermal eeabilt of the etopit. Tabkt XMI gtvee the tee Ihs atuhlne at
.150-C &ad TabUe XIU gives the rvoultg u.bt~d at 140-C,

Efformac to relatte the foregotal results a datyk 6btlend frow,
TSAratd testing at 60'. W0 a 100 to 6 outret de'comp~osl *#ir* 6b
suo.ceeofgL ift te DSC atudy. eaMplb$4*4hchnqai &Mhanting Pwfedaa0e
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TABLL X"

PROGRAMMFD 20° CAAIN.

Temp. at

Sample No. Iait. wt. (ng.) /0 Losa Maxima(*C) &H(cal/g.

607236 2. 240 8.93 194 20Z

607240 2. 308 9.36 189 209
607Z40 1.452 9.64 18Q Z13

S-165-D 2. 316 9.50 203 Z 13
S-165-D 1. Z3? 10.3 Z05 212

1899D-12 1.224 9.80 202 190

TABLE XXI

INDUCTION TIME AND TEMP.

5*C/MIN. - START AT 1000C

Induction Temp. Induction Time
Sampl N . Particlc Size .c (min.)

607240 "'a received 141 to 144. 5
607240 (325-400) 150-149 10.0-9.8

607236 As received 144
607236 (3Z5-400) 152-153 10.4-10.6

S-165-D As rectived 150-155-151
S-165-D (325-400) 153-156 10.6-11.2

1899D-12 As received 160-162
1899D-12 (3Z5.400) 162-155-153 12.4-10.6

1916D-11 As received 143-121-159

-58-
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TABLE XXIII - Isotherm 160*C

Time (Range . Are-j 10'
Sample No. Wt (mg.) /, Loss (min,) wt.

607236 3.512 9.00 12.3 a. 1v
607236 5.480 9.34 12.5 8.68

607240 3.276 9.28 10.0 8.10
607240 4.072 9.43 10.0 8.08
607240 6.556 9.39 10.7 8.44

S-165-D 4.292 9.69 17.1 7.94
S-165-D 4.004 14.58 19.7 8.12
S-165-D 4.424 10.22 17.0 8.07

1899D- 12 3,992 9. 82 17,0 7,48
1899D-12 2,040 10.9 17.3 7.94

19i6D-11 4.680 4.196 14.6 0.84
1916D- 11 2.736 II,8 18.4 2.62
1916D-11 4. 2.0 11.5 16.0 2.43
1916D-11 6.948 9.8 13.4 1.62

- 60 -
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were found to be extremely critical. Although the induction temperatures
shown in Table XXIII were in the same general order as the sample stability,

the "ariations were too small to permit unequivocal assessments of thermal

stability. Furthermore, deviations within a single sample determination

were also noted.

It was hoped that the constant derived from the expression,

Range x Area x 102 might offer some insight into the thermal characteristics
wt.

of a given sample. The assumption was based on the fact that the more stable

samples would evolve heat at a much slower rate. Some of this dissipated

heat would not be measurable by the detector unit and thus cause the measured

area under the curve to be correspondingly smaller. Although there are

some indications from the data in Tables XXII and XXII that this may be true

the magnitude of the differences and deviations from one sample to another

did no: permit ready comparison to Taliani data.

=61-
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APPENDIX A - Synthesis

I. Apparatus

A one-necked vne-liter or a three-liter flask was used for the

synchesis. The t:onversion apparatus consisted of a three-liter, three

necked, round-bott.m flask, equipped with a thermometer, a "Low"

stirrer, a still head with a water-cooled condenser, and a dry-ice

acetone cooled one-liter receiver.

11. Reagents

A. AIC13, (anhydrous reagent ACS) Baker and AdaweonCode IZ30.

B. LIAH4, (95+ percent pure) Metal Hydrides, Inc.

C, Ether, distilled from LiAUi 4 prior to use.

D. Tolueno, (rcagent ACS) Baker and Adameon, Code 2398.

E. LiBH 4 , Metal Hydrides, Inc.

F. LiA1H4 , (99. 40/. pure) Prepared by recrystaUization (rom toluene

ether solution.

0. Phenothiaalne, Fisher Scientific Company.

[HL Procedure

Method A SoUd Addition

1. Toluene-Ether _Z:,I (Experimnent No. 606639)

To th,, reaction flask was added 0. 125 moles of AlCl% in 900 als.

of ether. Whil. .tirrtng 0. 463 moles of solid crude LIAH 4 was added in

small increme. 4. This process took approximately IS minutees after

which 0. 090 nol.es of LIBH4 in 100 Mo. of ether was adtled. The stirring

was continued for 30 more minutes and 2000 mis. of toluene was added,

This mixture was filtered into the threeliter (1laek and processed as follows.

- 63 -
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Bath Pot
Time Temp. "C Temp. Pressure Remarks

1 60 45 390
10 60 47 350

25 62 47 250

40 62 50 240

65 6Z 49 120 Olane 62 . 5"/. EO
p. p. t.

95 104 90 740
100 104 95 Atmos.
102 104 100 Atmo .
125 104 100 Atmos.

The final product after washing with ether was Olane 58 as
indicated by X-ray analysie.

2. Toluene-Ether 1:1 (Evrpo.-ment No. 606645)

To 667 mls. of ether containing . 0439 moles of AICIS was
added . 1677 moles of crude solid LiAl- 4, while stirring with a magnetic
stirring bar. After 30 minutes .0319 moles of LIBH4 was added in 33
mls. of ether. The stirring was continued for 15 minutas more after
which 2100 mis. of dry toluene was added. This solution was filtered
into the desolvation flask and processed as follow.:

Desolvation 606645 3:1 Process

Bath Pot
Tim.e Teme C Temp. 1C Pressure Remarks ,

1 65 45 310
10 65 s0 220
30 68 50 160 7 tjo
31 70 S2 460
44 92 is 510

54 102 90 610

s0 104 95 66O
69 104 97 670

62 104 97 720
64 104 98 730 particles atmed
79 104 96 Atmo.

CONFIDENTIAL 64
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The product was Olane 58.

Method B - Direct Crystallizations

1. Conversion at 754C (Experiment No. 603696)

All equipment was oven-dried and taken into the dry box prior

to use, The stock solutions of reagents (AIC13, LtA1H 4 , LiBH4) used

were approximately I molar in ether. To the 3-liter flask were added

0. 025 moles of AIC13 diluted with make-up ether, 0. 091 moles of LiA1H4

and 0. 18 moles of LiBH4 successively.

This solution was then diluted with 2400 ml, of toluene (dried

with ethereal (LiAIH4), The total ether content of the mixture was 400 ml.

The precipitated LiCl was allowed to settle after which It was filtered into

the conversion flask through the fritted-glass filter.

The ether was stripped off under reduced pressure at approximate;.

40" until the contert was S perceint, W e.,aight in the solution. The conversion

system was brought to ambienk pressure with nitrogen and then heated as

rapidly as possible to ?SIC, where it was held for five hours. Solids form&.

tion occurred during the holding period at 75 C, The precipita.tlon time was

found to vary somewhat from one experiment to another. The reasons for

this are not obvious at present. The heating was then termhi ated, and the

product was isolated by the usual procedures. The desolvati tA and conversion

conditions follow.

Time Bath Pot Pressure
(min.) Tsmp&_C Tae.C _(mm, Hg) Remarks

0 60 40 185

5 60 40 170

t0 60 40 130

15 60 40 92

is 68.S $3 Atmospheric

35 19 70

40 79 75 

is 19 76 0 Crystals (few)
225 79 16 0 Crystals (many)
340 79 T6 U

- 65
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The slurry was cooled and filtered. The solid were washed

with ether and dried under vacuum. An X-ray analysis indicated the

product to be 100"/. Olane 58.

2. Conversion at 950C (Experiment No. 607489

All equipment was oven-dried and purged with nitrogen prior

to use. The stock solutions of reagents (AICl 3 , L4AlH 4 , LiBH4) used were

approximately I molar in ether. To the I-Liter flask was added 0. 023 moles

of AlCl s .

This solution was then diluted with ether prior to the addition of

2100 ml, of toluene (dried with ethereal LiA11H4). The 34A1H 4 (0. 10 moles)

(35 mole percent excess) was next added with magnetic stirring of the solution.

The stirring was continued (or 30 minutes before the LiBH 4 solution (0, 32
moles) was added with an additional five minutes of stirring. The total ether

content of the mixturo was 350 ml. The solution was allowed to settle for

thirty -minutes and then was filtered into the conversion flask through the

fritted glass filter.

The ether was stripped off under reduced pressure at approximately

40" until the content was 5 percent by weight in the solution. The conversion

system was then pressured to atinospheric with N2 and heated as ."ipidly as

possible to 804C where it was held for forty.five minutes. Solids formation

occurred during the holding per'od at 80, The precipitation time was found

to vary somewhat from one experiment to another. The reason for this are

not obvious at present. After the holding period at 80 C, the solution was

heated to 950C as rapidly as possible and held for twenty minutes, Duing

this period the required concentration of inhibitor was added. The heating

was then terminated and the product was Isolated by the usual procedures,

The desolvation and conversion conditions are presented in Figure I (ee

Text page 4). Photos I -4 show the initial precipitate (mixture of Oanes 60

and 50) and its transformation to the final granula r fom (Oltno 56) at 956C

in a typical high dilution process (see Text pase 3).

IR is possible that a small portion of final product could have

resulted vie solution phenomena on the basis of current nfornatio. The

- 66 -
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present studies with lower concentrations of aluminum hydride (0. Z5 -

0. 30 molar) and higher dilutions (6:1) have consistently produced a glassy

macrocrystalline product of improved bulk density.

Method C - Toluend-Ether 3:1 Process (Expt. No. 606645).

All equipment was oven dried and taken into the dry box prior to

use. The stock solutions of reagents (AIC13 , LiBH4 and LiAlH4) used

were approximately 1 molar in ether. To the three liter reaction flask

was added 0. 0439 moles of AIC13 in 43 mls. of ether and 624 mls. of

make-up ether to assure the proper concentration of AIHS (. Z5 mole).

The solid LiAIH4 (0. 1677 moles) was thee added. After the slurry stirred

for 45 minutes, the LiBH 4 solution (0. 0319 moles/33ml,) was added. The

stirring was then continued for 10 minutes after which the toluene (2100mls.)

was added. This mixture was then filtered into the reaction flask.

The ether was distilled under vacuum until 7 - Ss/. ether remained.

The reaction was then brought to 468 mm. Hg and the temperature raised

to 100"C. Conditions for a typical conversion (ollow.

Time Bath Pot Pressure
(ni jn. Temp. Temp. C M m.j Remarks

0 65 45 318

10 65 50 228

20 68 so 168 6/01to 7 - 08*

Started up to 1000C, Bled in nitrogen to increase pressure,

Al 70 5U 468

25 92 is 518
35 102 90 618
50 104 95 668

65 104 97.5 738 First ctyetaie formed.

8 104 99.5 768(aim.)

-67
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The slurry was cooled and filtered. The solids were washed with
dry ether and placed under vacuun) for drying. An X-ray analysis

indicated the product to be 1006/. Oane 58.

Method D - Toluene-Benzene-_Ether Process (Expt. No. 606674)

To the reaction vessel was added 0. 1928 moles of LAIH4 in 611 mls.
of ether. While stirring, 0. 0438 moles of AICI S in 29 mls. of ether was

added. After 45 minutes of stirring, . 0658 moles of LiBH4 in 60 mls. of

ether and 2 100 mls. of 1.1 benzene, toluene were added. This mixture
was then filtered and desolvated as follows.

Bath Pot
Time Temp, 'C Temp. 1C Pressure Remarks

0 70 43 460 m. m.

15 71 54 490 m.m.

35 90 63 580 m, W,

SO 90 71 620 m. in.

75 90 80 730 r.m.

Pariclev growing on (lsk sides.

85 90 8 730 m. m. Particles Srowing
slowly. Placed on totul

160 90 a5 730 m. . Started to cool boh,

The product was all Oa e 58 a indicated by X-ray analysis.

Method E AlumAtum Botohydride Process (Expt. No. 606681)

To the reacton flask were added . 0468 moles of AICII diluted with

534 moles of make-up etht and . 1308 moles of LIAU4 in 119 mos, of

ethe while stirring. After 20 mintee. .0411 moles of LBH4 in 38 nmis.

C FE I
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of ether was added. The stirring was continued for 20 minutes more

after which the 50:50 benzene, toluene (2100 mls. ) waa added. The

reaction was then filtered and disolvated as follows.

Bath Pot

Time T Temp. OC Pressure Remarks

0 81 44 430

15 82 49 500

35 90 68 580

45 90 75 620

60 90 80 650 Put on total reflux,

90 90 80 650 Began to add .0304
moles of LAH in a
mixture of 30 mls.
ether and 90 mle.
0. OCHS(50150).

100 90 78 680 Solution distilling,
Approximately 50mle.
offL.AH added.

110 90 79 690 LAN addition complete.

IS0 94 84 730 Particle* forming.

180 94 84 730 Hisatin8 stopped.

The product was U~rge spheres of OLane 58.
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APPENDIX B Conductometric Studies - Experimental

I. Rts

A. Aluminum chloride (anhydroue reag.ent graJe, Baker and

Adamson) was uaed without further purification. In several experiments

the aluminum chloride was: sublimed once prior to use. The general
appearance of the conductivity curves using either material was identical

(I. e., the maxima 04! minima occured at the sarie mole ratios) except
for iolightly different .onduitance valties. Stock solutions were prepared by

adding aluminum ch oride in a nitrogen atmosphere to ether cooled in a

dry ic.-acetone bth. The stock solution was analyzed for chloride by the
Volhard method.

B. Lithium aluminunt hydride (95+ e/, pure, Metal Hydrides. Inc, )
was recrystallized from ether-toluenq prior to use. Product assay by

hydrogen evolution indicated better than 99. 4"/, purity. The hydride was
redissolved in ether and sto'ed ruder dry nitrogen. Other stock solutonl;
were prepa , by dissolving the crude hydride in ethtra filte rio-ad toring

under dry nitrogen. AU the above procedres were conducted: u'i dry box
tUished with dry nitrogen, Very little diffitence wae nowd tin ihe .zcooductivity

curve# when either ,olutcon wmj uted. The tk.iitjgwee lyd
by reacting the hydride fith a otandId buzene . o a iodine a then

bacit titrating with sodium Uthiout*tie

C. Lithium borohydride (Methal I1ydrdes. UIC.) wl further purified

and a"ny*ed in the ere tnamer ao l10A rn -ailla~ t -h;4 ide.

D. Diethyl ether (anhydrout, MaUwo Cbrttical Wot.) wais

distei over iA10, prior to us*.

.. Toluen. (reagent trade, "aoLr and Adason) was dried with an
ether eolution of UIJR. TWO amose of. ether and LAAU4, (which ib most

- 70 -
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cases were insignificant) were taken into account when ether-toluene

stock solutions were prepared.

F.. J0emen (regewt-gtade, Bakerand AJamson) was ancled.

similar to toluene.

All sclutions were made up by volume. Stock solutions were

periodically aalyzed to chock changes ia conzrtlon.e i asby.

A u h onductivity cell and electrodes, The

.lectrodw.care held to the 34/45 Inner joint by Viton o-rings which

asure? an air tight seal.- A Teflon.leove can be ftted over the 34/45

t.ner joint to Maintain an air tight seAl. The addictin burettes, having a

• ca• . pacity of 0.0 v4 -or 2 .L, depending on the nature #.( the expeilmeat,
ar.Clampmd to the cell body. Nltlaliy, the entire Cell was repeatedly

evactmued (through anarm not shown in the diagram) ad flushed with dry

nitraoen before the addition burette. we*e il1led. However, it was found

that it the entire cell asaembly (except the ce electrode.) was heated to

1 40 -1 SOC overnight, assembled aad flushed with dry nitrogen until it

cooled to room tempeatare, the cell was eufictenly dry to be used wL th.

out hydrolyltg any 1IAU4, The teflon stopcocks, needle valves and o Ie .

were kept in a desekiator until the cel wA4 asenabled. N stopok gr.ee

was used ott any part o the cell assembly.

Conductances w#,re moeaured by pairs of dinping ele#rode having

cci constant of 0. 100 And 0. 0100 cm All coWnucuivItis *were m atured

at 1000 cycle* with an ztdtsstrial Instru se Conductivi:y bridge, Model

AC 161I, it i aecessary to use -a fixed resiitor io paratltl with the .

eiectrodes for neauuremeite f coductivlles below I a "  mi cl.

Solutions wert stirred bya glass eclosed nagnet rotatedby -a agneiitu

- . .- 74.a
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stirrer. Temperature was controlled at 24.5 - 0. 5"C in air and at

50.0 ± 0. 1 *C in an oil bath.

III. Procedure

InitiaUly, ether solutions were diluted with equal volumes of

toluene or benzene and transfered to the addition burettes in a dry box

flushed with dry nitrogen. Later, it was found that the solutions could

be transfered into a constant low humidity room without any noticeable

difference in the resulting conductivity curves.

One burette was filled with the LiAlH 4 solution and the other with the

AIC1 solution. Enough solution from one burette or a mixture from both

waa added to the cell so that the electrodes were totally immersed. The

first conductivity measurement was taken at this point. Subsequent

conductivity measurements were taken after each addition of a reactant

from one of the burettes. Additions from the 100 ml. burette were read

to the nearest millimeter and estimated to the nearest 0. 1 ml. ; additions

from the 12 ml. burette were read to the nearest 0. 1 ml. and estimated

to the nearest 0. 01 ml.

- 73-



-~ NH-25bi7
Securit Classification

DOUMINT CON4TROL DATA - R&D
1106011 0600010060040% 1010. badp of ~.MO Roe oftnot afneself mom be 004000I oh t 411011 f~wt o

OniAieAC~TV19T (Co.mwm vew) 20 NWP*O? 69CUNI TV C U641411VA ION
Olin Mathieson Chemical Corporation

F275i Winchester Avenue so GROUP
New Haven, Connecticut GP-4
021104O1, YII

High Energy Propellant Ingredient Research (U)

4oasIcapylve 06res (TM 41 wow -0 iehW9 dm
Final Report 1 March 1965 through 28 February 1966

I AUTwoftrli (Law a&& &Menem* 101a)
Mangold, Donald J. , Kraus, Theordore C. , Csejka, David A.,
Scruggs, James A.

4. "ePoo" sales To- Igya. "s. Or 0,14611 76, ". or saps
1May 16, 1966 LZ16
so COINIAC? OR GRANT me, Son$364maY65 INGPOR? wUws

AF 04(611)-10549 FP.T 69
a S*WaJc? We. ARLT 69

3148__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

_____________________OLIN FINAL REPORT 10548 NH-2587
As VAI AfILIY/UIATIO NOTICaln addition to security requilrements which must be mnet

this document in subject to special export controls and each transmittal to foreign
governments or foreign nationals may be made only with prior approval of
AFRPL (RPPR-STINFO), Edwards, California, 93523.

11 SUPLEM61TARV wO 12. IN SUTANY ACTIVIY
II SU EWIlANYAir Force Rocket Propulsion Laboratory

N. A. Air Force Systems Command
____________________Edwards__ Air Force Base, California

(C) The thermal stability of aluminum hydride (Olane 58) has been
significantly improved by aging and water treatment. The effect is believed to
be due to a surface coating of bayerite, Al(OX)3. These treated samples
demonstrated thermal stabilities of less than one per cent decomposition in the
Taliani Test at 100*C for 8-12 hours or at 60*C for 50-75 days.
(C) Studies of the synthesis of Olane 58 by the solid LiAIH 4 preparatory
technique or through the addition of free radical inhibitors did not indicate
the superiority of those modifications in present processes.
(C) Direct crystallization of unsolvated aluminum hydride was deomonstrated
from a mixed toluene-ether solution.
(C) Although the data from the Differential Scanning Calorimetry (DSC) scans
both programmed and isothermal provide some insight into the thermal
character of aluminum hydride, no meaningful correlations to Taliani Tests
at 60"C and 1001C could be made for decomposition as low as one per cent.
(C) Conductivity studies of the LiA1.H4..ACl3 reaction under a variety of
conditions indicate the formation of a AlH3* ZLLAIH 4 complex and chlorolane
species.
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